Turkish Journal of Zoology
Volume 39

Number 4

Article 10

1-1-2015

New insight into the systematic position of the endemic
Madagascan genus Amberiana (Hemiptera: Heteroptera:
Dinidoridae) using 12S rDNA sequences
JERZY A. LIS
ANNA KOCOREK
DARIUSZ J. ZIAJA
PAWEL LIS

Follow this and additional works at: https://journals.tubitak.gov.tr/zoology
Part of the Zoology Commons

Recommended Citation
LIS, JERZY A.; KOCOREK, ANNA; ZIAJA, DARIUSZ J.; and LIS, PAWEL (2015) "New insight into the
systematic position of the endemic Madagascan genus Amberiana (Hemiptera: Heteroptera: Dinidoridae)
using 12S rDNA sequences," Turkish Journal of Zoology: Vol. 39: No. 4, Article 10. https://doi.org/
10.3906/zoo-1406-27
Available at: https://journals.tubitak.gov.tr/zoology/vol39/iss4/10

This Article is brought to you for free and open access by TÜBİTAK Academic Journals. It has been accepted for
inclusion in Turkish Journal of Zoology by an authorized editor of TÜBİTAK Academic Journals. For more
information, please contact academic.publications@tubitak.gov.tr.

Turkish Journal of Zoology

Turk J Zool
(2015) 39: 610-619
© TÜBİTAK
doi:10.3906/zoo-1406-27

http://journals.tubitak.gov.tr/zoology/

Research Article

New insight into the systematic position of the endemic Madagascan genus Amberiana
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Abstract: The systematic position of the endemic Madagascan genus Amberiana Dist. is studied using DNA sequences (the
mitochondrial 12S rDNA subunit) for the first time. The phylogenetic relationships within the superfamily Pentatomoidea were
computed using neighbor-joining, maximum parsimony, minimum evolution, and maximum likelihood methods, as well as Bayesian
estimation. All results based on the mtDNA analyses stand in contrast with previous morphological data. The mtDNA analysis showed
close relationships of the genus Amberiana to the genus Sehirus (Cydnidae: Sehirinae) and to species of the family Parastrachiidae,
whereas the morphology indicated that the genus was a typical representative of the family Dinidoridae. A new tribe, Amberianini
trib. nov., is proposed for the genus Amberiana. Furthermore, a key to all tribes of the subfamily Dinidoridae is provided with their
diagnostic characters and included genera.
Key words: Amberiana, Amberianini new tribe, Cydnidae, Dinidoridae, Madagascar, mitochondrial 12S ribosomal DNA, Parastrachiidae,
Pentatomoidea, Sehirus, systematic position

1. Introduction
The pentatomoid genus Amberiana (Hemiptera:
Heteroptera: Pentatomoidea) was described for the single
species Amberiana montana (Figure 1) from the Montagne
d’Ambre, Cap d’Ambre (at present, Tanjona Babaomby), in
the extreme northern part of Madagascar (Distant, 1911),
and it was placed within the group of Halyaria (at present,
the tribe Halyini of Pentatomidae: Pentatominae).
Schouteden (1912) described Amberiana’s second
species, A. major (Figure 2), also from Madagascar, and
suggested that due to the morphological affinities of
the genus, it was similar to representatives of the family
Dinidoridae (at that time, regarded as a subfamily of
Pentatomidae).
Cachan (1952), in his monograph of the Madagascan
shield-bugs, followed Schouteden’s (1912) suggestions and
placed the genus Amberiana in the subfamily Dinidorinae.
However, 30 years later, during the revision of the
world’s Dinidoridae, Durai (1987) ignored Cachan’s (1952)
suggestions by following the original opinion of Distant
(1911) and did not include the genus Amberiana in the
family Dinidoridae; moreover, the explanation for such an
act was not provided by the author.
* Correspondence: cydnus@uni.opole.pl
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Shortly after (Lis, 1990), the genus Amberiana and
its 2 species were redescribed, and the analysis of the
morphological characters showed that the genus should
be placed in the tribe Dinidorini of the subfamily
Dinidorinae. Such a systematic position of this genus
based on the morphological characters was then accepted
in the world catalogue of the family (Rolston et al., 1996).
The genus is endemic to Madagascar, and its 2 species
have been recorded very sporadically thus far (Distant,
1911; Schouteden, 1912; Lis, 1990). Altogether, only 10
specimens of both species were collected from 4 localities
in northern and eastern Madagascar (Figure 3; Table 1).
Because the studies on the genus Amberiana have
been based only on the morphological characters until
now (Schouteden, 1912; Cachan, 1952; Lis, 1990), it was
necessary to verify its systematic position with use of the
DNA sequences.
2. Materials and methods
All previous suggestions regarding the systematic position
of the genus Amberiana seem somewhat misleading;
therefore, we decided to analyze the DNA of any available
specimen for the study. Because of the rarity of both
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Figures 1−3. 1: Amberiana montana. 2: A. major (from Lis, 1990). 3: Location of known records for the 2
Amberiana species.

species (altogether, only 10 specimens have been collected
since 1911), it was impossible to use freshly collected or
alcohol-preserved specimens for the DNA analyses.
A single dried specimen borrowed from the Natural
History Museum (London, UK) (i.e. the specimen of A.
montana) collected in Perinet (Madagascar) in 1958 (Table
1) was studied using the procedures for recovering mtDNA
from museum samples described by Lis et al. (2011b).
Final purified products were sequenced at the Health Care
Centre GENOMED in Warsaw, Poland.
We expected to obtain the sequences of 2 mitochondrial
markers (i.e. 12S rDNA and 16S rDNA), which were
recently shown to be recoverable from dried museum
pentatomoids and are also regarded as effective molecular

markers for resolving the phylogenetic relationships within
pentatomoidean bugs (Lis et al., 2011a, 2011b, 2012).
To reconstruct the phylogenetic position of the genus
Amberiana within the superfamily Pentatomoidea, we
analyzed 28 species representing 9 pentatomoid families
(including those families where the genus has previously
been assigned [i.e. the Pentatomidae and the Dinidoridae])
and 2 species representing the outgroup (the Rhopalidae
and the Coreidae); all species with their GenBank
accession numbers are listed in Table 2.
Sequence alignments were performed with ClustalW
(using default settings) in MEGA 6.06 software (Tamura
et al., 2013).
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Table 1. Known localities of 2 Amberiana species.
Species

Amberiana montana

Amberiana major

Original source

Locality
Montagne d’Ambre, Cap d’Ambre [at present = Tanjona Babaomby]

Distant, 1911

Madagascar (general)

Cachan, 1952

Perinet (at present = Andasibe National Park)

Lis, 1990; present paper*

Maroantsetra, Ambodivoangy

Present paper

Montagne d’Ambre, Cap d’Ambre [at present = Tanjona Babaomby]

Schouteden, 1912

Soanierena, region of Fénérive

Cachan, 1952

*The specimen used for DNA analysis.
Table 2. Details of studied specimens.
Geographic origin
(year collected, if originally provided)

GenBank (NCBI)
accession number

Opole University
sample number

Source

Elasmostethus interstinctus (Linnaeus)

Poland (2007)

JQ029132

119EI

Lis et al., 2012

Elasmucha grisea (Linnaeus)

Poland (2009)

JQ029131

117EG

Lis et al., 2012

Microporus nigrita (Fabricius)

Poland (2009)

JQ029117

4P

Lis et al., 2012

Macroscytus brunneus (Fabricius)

Greece (2007)

JQ029118

17MB

Lis et al., 2012

Sehirus luctuosus Mulsant et Rey

Poland (2009)

JQ234968

3P1

Lis et al., 2011a

Amberiana montana (Distant)

Madagascar (1958)

KM013314

25K

This paper

Coridius nepalensis (Westwood)

Thailand (1995)

JQ029119

50CN

Lis et al., 2012

Cyclopelta obscura (Lepeletier & Serville)

Thailand (1995)

JQ029126

89CO

Lis et al., 2012

Eumenotes obscura Westwood

Malaysia (1995)

JQ029122

54EO

Lis et al., 2012

Megymenum brevicorne (Fabricius)

Thailand (1995)

JQ029121

53MB

Lis et al., 2012

Megymenum parallelum Vollenhoven

Thailand (1995)

JQ029120

52MP

Lis et al., 2012

Parastrachia japonensis (Scott)

Japan (2001)

JQ029116

2PJ

Lis et al., 2012

Dismegistus binotatus (Westwood)

Ethiopia (1995)

JQ029128

105DB

Lis et al., 2012

Antheminia lunulata (Goeze)

Poland (2010)

JQ234970

125C

Lis et al., 2011a

Carpocoris purpureipennis (De Geer)

Poland (2007)

JQ234971

122CP

Lis et al., 2011a

Graphosoma lineatum (Linnaeus)

Czech Republic (2011)

KM013315

156A

This paper

Dolycoris baccarum (Linnaeus)

Poland (2009)

JQ029133

120DB

Lis et al., 2012

Palomena prasina (Linnaeus)

Poland (2009)

JQ029134

121PP

Lis et al., 2012

Poland (2006)

JQ029124

60CS

Lis et al., 2012

Eurygaster maura (Linnaeus)

Poland (2002)

JQ029130

116EM

Lis et al., 2012

Eurygaster testudinaria (Geoffroy)

Poland (2009)

JQ234969

86ET

Lis et al., 2011a

Odontoscelis fuliginosa (Linnaeus)

Poland (2007)

JQ029129

115OF

Lis et al., 2012

Vietnam (1990)

JQ029127

91TQ

Lis et al., 2012

Galgupha difficilis (Breddin)

Brasil (1975)

JQ029125

62C1

Lis et al., 2012

Strombosoma impictum (Stål)

Zaire (1932)

JQ029123

58SI

Lis et al., 2012

Thyreocoris scarabaeoides Linnaeus

Poland (2009)

JQ029115

1P

Lis et al., 2012

China

EU427337

-

Hua et al., 2008

China

EU427333

-

Hua et al., 2008 [as
Aeschyntelus notatus Hsiao]

Species
Family: ACANTHOSOMATIDAE

Family: CYDNIDAE

Family: DINIDORIDAE

Family: PARASTRACHIIDAE

Family: PENTATOMIDAE

Family: PLATASPIDAE
Coptosoma scutellatum (Geoffroy)
Family: SCUTELLERIDAE

Family: TESSARATOMIDAE
Tessaratoma quadrata Distant
Family: THYREOCORIDAE

Family: COREIDAE (outgroup)
Hydaropsis longirostris (Hsiao)
Family: RHOPALIDAE (outgroup)
Rhopalus latus (Jakovlev)
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Phylogenetic analyses using the neighbor-joining
(NJ), maximum parsimony (MP), minimum evolution
(ME), and maximum likelihood (ML) methods were also
performed using MEGA software version 6.06 (Tamura et
al., 2013). The maximum composite likelihood (Tamura
et al., 2004) model of nucleotide substitution was selected
for estimating evolutionary distances for the NJ and ME
models. The MP analysis was performed using a heuristic
search procedure (subtree-pruning-regrafting search level
1) with 10 replications using the random additions method
for the initial tree. The ML analyses were performed
using the heuristic search procedure (nearest-neighbor
interchange), with the initial tree generated automatically
by applying NJ and BIONJ algorithms. The reliability
of the clustering pattern in all trees was determined by
the bootstrap test, with 1050 replications. All positions
containing gaps were omitted from the dataset by using
the complete-deletion option. Trees for MP, ME, NJ, and
ML were edited using MEGA 6.06 (Tamura et al., 2013).
Moreover, we deduced the phylogenetic position of
the genus Amberiana within the Pentatomoidea using a
Bayesian estimation. Bayesian inference analysis appears
to be the most appropriate method for phylogenetic
reconstructions in Pentatomomorpha when the
mitochondrial ribosomal RNA genes are used (Lis et al.,
2011a, 2011b, 2012). All analyses were performed with
MrBayes version 3.1.2 (Ronquist and Huelsenbeck, 2003),
using the same parameters as for the previous analyses on

12S and 16S rDNA of Dinidoridae (Lis et al., 2012). The
resulting tree was edited with TreeView version 1.3 (Page,
1996).
3. Results
3.1. DNA recovery and the nucleotide sequence
We recovered only a partial sequence of the mitochondrial
12S rDNA (domain III, 387 bp in length); unfortunately,
obtaining the mitochondrial 16S rDNA sequence from A.
montana failed.
3.2. BLAST searches
We used BLAST searches in order to ensure that the
obtained sequence was not a contaminant; search results
showed high similarities in the obtained sequence to
GenBank sequences of other pentatomoidean species (for
details, see Table 3).
3.3. Nucleotide alignment
The dataset consisted of 387 bp for the 12S rDNA
sequences, of which 63 sites (16.3%) were conserved and
317 were variable (81.9%), and it included 265 parsimonyinformative and 50 singleton sites.
3.4. Results from analyses
The phylogeny inferred by using the ME method resulted
in the optimal tree with the sum of branch lengths =
2.72239386 (Figure 4). The evolutionary history using
the ML method identified the tree with the highest log
likelihood (–2812.5273) (Figure 5). The analysis using

Table 3. Results of BLAST searches for 12S rDNA of Amberiana montana.
Sequences producing significant alignments
Accession
number

Taxon

JQ234968.1

Maximum
score

Total
score

Query
coverage

E
value

Maximum
identity

Sehirus luctuosus voucher 3P1 12S ribosomal RNA gene, partial sequence;
394
mitochondrial

394

91%

3e-106

88%

JF288758.2

Megacopta cribraria mitochondrion, complete genome

265

265

94%

2e-67

81%

JQ234969.1

Eurygaster testudinaria voucher 86ET 12S ribosomal RNA gene, partial
sequence; mitochondrial

237

237

77%

5e-59

82%

AF335992.1

Tectocoris diophthalmus 12S ribosomal RNA gene, partial sequence;
mitochondrial

237

237

79%

5e-59

81%

GQ337955.1

Abidama producta mitochondrion, complete genome

233

233

93%

6e-58

79%

FJ456944.1

Gerris sp. NKMT033 mitochondrion, complete genome

228

228

93%

3e-56

79%

AB679164.1

Gerris gracilicornis mitochondrial genes for 12S rRNA, partial sequence,
specimen_voucher: personal: Masahiko Muraji: AM4

219

219

78%

2e-53

81%

AB679163.1

Gerris gracilicornis mitochondrial genes for 12S rRNA, partial sequence,
specimen_voucher: personal: Masahiko Muraji: TK1

219

219

78%

2e-53

81%

AB679157.1

Gerris gracilicornis mitochondrial genes for 12S rRNA, partial sequence,
specimen_voucher: personal: Masahiko Muraji: ON1

219

219

78%

2e-53

81%

AB679159.1

Gerris gracilicornis mitochondrial genes for 12S rRNA, partial sequence,
specimen_voucher: personal: Masahiko Muraji: OE1

219

219

78%

2e-53

81%
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Figure 4. Phylogenetic tree for 12S rDNA sequences of 28 species used in this study generated by using the minimum evolution method.
Bootstrap support is indicated at nodes; the frame shows the clade consisting of Amberiana montana and Sehirus luctuosus.

Figure 5. Phylogenetic tree for 12S rDNA sequences of 28 species used in this study generated by using the maximum likelihood
method. Bootstrap support is indicated at nodes; the frame shows the clade consisting of Amberiana montana and Sehirus luctuosus.
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the MP method resulted in the 4 most parsimonious trees
(Figure 6); all indices were the same for each of them (i.e.
length = 559, consistency index = 0.492337, retention
index = 0.576677, and composite index = 0.303297 for all
sites, with 0.283920 for parsimony-informative sites). The
MP consensus tree is presented in Figure 7. The optimal
tree resulted from applying the NJ method (Figure 8),
which has the sum of branch lengths = 2.72239386; the
tree is drawn to scale, with branch lengths in the same
units as those of the evolutionary distances used to infer
the phylogenetic tree. In all these analyses (ML, ME, MP,
and NJ), there were a total of 253 positions in the final
dataset.
The phylogeny inferred using the Bayesian estimation
resulted in a strict consensus tree that was constructed on

the clusters with the highest posterior support; the tree is
presented in Figure 9.
3.5. Phylogenetic analyses
All analyses resulted in well-resolved phylogenetic trees
(Figures 4−9), and, most importantly, all trees identified
A. montana (Dinidoridae) as a sister taxon of Sehirus
luctuosus (Cydnidae), with relatively high bootstrap
indices ranging from 69 to 83 (i.e. 69 in ME, 70 in NJ,
75 in ML, and 83 in MP [Figures 2−6]) and a very high
posterior probability (0.99) in the Bayesian inference tree
(Figure 9). Moreover, all analyses suggest that the closest
affinity of the clade including A. montana and S. luctuosus
is always to species of the family Parastrachiidae (i.e.
Parastrachia japonensis and Dismegistus binotatus). In
the Bayesian estimation, the monophylum consisting of

Figure 6. Four most parsimonious phylogenetic trees for 12S rDNA sequences of 28 species used in this study generated using the
maximum parsimony method. Bootstrap support is indicated at nodes; the frame shows the clade consisting of Amberiana montana
and Sehirus luctuosus.
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Figure 7. Strict consensus tree of 4 most parsimonious trees for 12S rDNA sequences of 28 species used in this study generated by using
the maximum parsimony method. The frame shows the clade consisting of Amberiana montana and Sehirus luctuosus.

Figure 8. Phylogenetic tree for 12S rDNA sequences of 28 species used in this study generated by using the neighbor-joining method.
Bootstrap support is indicated at nodes; the frame shows the clade consisting of Amberiana montana and Sehirus luctuosus.
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Figure 9. Phylogenetic tree obtained from the Bayesian inference analysis of the 12S rDNA sequences of 28 species used in this study.
The Bayesian posterior probabilities are indicated at each node; the frame shows the clade consisting of Amberiana montana and Sehirus
luctuosus.

the 2 sister groups (the first including A. montana and
S. luctuosus and the second containing both species of
Parastrachiidae) is supported by a very high posterior
probability (0.98). Most importantly, A. montana is never
a part or sister taxon of the clade that includes species of
the family Dinidoridae.
4. Discussion
Prior to this study, the genus Amberiana was classified
either in the family Pentatomidae or in the family
Dinidoridae based only on morphological characters.
The systematic position of the genus was never tested
with the use of mitochondrial DNA markers, which is

what we have done in this study. Most importantly, our
results are in contrast with all previous findings based
on the morphological characters. The close relationship
between the Parastrachiidae and the genus Sehirus shown
in our study was also indicated in other morphological
investigations (Miyamoto, 1961; Dolling, 1981; Lis, 2002;
Lis and Schaefer, 2005; Grazia et al., 2008; Pluot-Sigwalt
and Lis, 2008; Matesco et al., 2012).
However, the affinity of any Sehirus species (Cydnidae:
Sehirinae) to a species of the family Dinidoridae has
never been suggested, and the resulting monophylum
that consisted of A. montana and S. luctuosus is somewhat
surprising.
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The recent assessment of the systematic position of the
family Dinidoridae within the superfamily Pentatomoidea
revealed by the Bayesian phylogenetic analysis of the
mitochondrial 12S and 16S rDNA sequences (Lis et al.,
2012) showed that the family formed a highly supported
monophylum. Results from our study suggest that the
position of the genus Amberiana should be completely
out of the monophyletic Dinidoridae, where it should be
placed when only morphological characteristics are taken
into account. This is somewhat unexpected.
Because it was shown that the 12S rDNA in
Pentatomomorpha is not as conservative as was previously
thought (Lis et al., 2011a), and that it also appeared to be
an effective marker for phylogenetic consideration in the
superfamily Pentatomoidea (Lis et al., 2011a, 2012), the
only hypothesis that we can take into consideration is that
of suggesting an isolated position of the genus Amberiana
within the family Dinidoridae.
4.1. Taxonomic status of the genus Amberiana
The genus Amberiana shares all the crucial morphological
characters of the family Dinidoridae (Lis, 1990). However,
the results of this study, as well as 2 morphological
characters of the genus (i.e. lamellate sides of pronotum
[paranota] and a very long rostrum reaching at least the
fourth abdominal segment) that can be regarded together
as its autapomorphy, also suggest the isolated taxonomic
position of the genus within the family.
4.2. Conclusions
We propose a new tribal classification of the subfamily
Dinidorinae as a result of the present study, as follows:
Subfamily: Dinidorinae Stål, 1867
Tribe Dinidorini Stål, 1867
Diagnostic characters
Pronotum without paranota; rostrum short, usually
reaching the metacoxae; tarsi 3-segmented; spiracles of
the first visible abdominal sternum covered by thoracic
metasternum.
Included genera
Colpoproctus Stål, 1870; Colporidius J.A. Lis, 1990;
Coridiellus J.A. Lis, 1990; Coridius Illiger, 1807; Cyclopelta
Amyot & Serville, 1843; Dinidor Latreille, 1829;
Patanocnema Karsch, 1892; Sagriva Spinola, 1850.

Tribe Thalmini Durai, 1987
Diagnostic characters
Pronotum without paranota; rostrum short, at best
reaching the metacoxae; tarsi 2-segmented; spiracles of
the first visible abdominal sternum sometimes covered by
thoracic metasternum.
Included genera
Folengus Distant, 1914; Thalma Walker, 1868; Urusa
Walker, 1868.
Remarks
In the world catalogue of the family Dinidoridae
(Rolston et al., 1996), the authorship of the tribe was
credited to Nuamah (1982). However, Nuamah (1982), in
his paper on the karyotypes of some Pentatomoidea, listed
only the name of the tribe and cited the unpublished PhD
thesis of Durai (1979); he gave neither a description nor
at least a single diagnostic character for the tribe, which is
necessary to establish a new taxon. Its proper description
(in accordance with the rules of the International Code of
the Zoological Nomenclature) was then provided by Durai
(1987); therefore, Durai should be regarded as the author
of the tribe’s name.
Tribe Amberianini J.A. Lis & Kocorek, new tribe
Diagnostic characters
Pronotum bearing paranota; rostrum very long and
reaching at least the fourth abdominal segment; tarsi
3-segmented; spiracles of the first visible abdominal
sternum covered by thoracic metasternum.
Type genus: Amberiana Distant, 1911.
Included genus: Amberiana Distant, 1911.
Key to the tribes of the subfamily Dinidorinae
1. Tarsi 2-segmented . . . . . . . . . . . . . . . . . . . . . . . . . Thalmini
-. Tarsi 3-segmented . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 2.
2. Pronotum without paranota; rostrum short, at best
reaching the metacoxae . . . . . . . . . . . . . . . . . . . . Dinidorini
-. Pronotum with paranota; rostrum very long, reaching
at least the fourth abdominal segment . . . . . Amberianini
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